A theoretical investigation of the intermolecular interaction, operative in collision complexes of He * ͑2 3 S 1 ͒, He * ͑2 1 S 0 ͒, and Ne * ͑ 3 P 2,0 ͒ with N 2 O, is carried out to explain the main results of the experimental study reported in the preceding paper. The analysis is carried out by means of a semiempirical method based on the identification, modeling, and combination of the leading interaction components, including the effect of the selective polarization of the more external electronic cloud of the metastable atom in the intermolecular electric field. These and other crucial aspects of our approach have been quantitatively verified by ab initio calculations. The proposed method permits to evaluate the interaction at any configuration of the complexes and provides a useful and inexpensive representation of the intermolecular potential energy for dynamics studies. The main experimental findings can be rationalized taking into account the critical balancing between molecular orientation effects in the intermolecular interaction field and the ionization probability. These orientation effects tend to become less pronounced with increasing collision energy.
I. INTRODUCTION
The collision of an electronically excited atom A * with a target molecule BC, characterized by a ionization potential lower than the atom excitation energy, can lead to autoionization of the intermediate complex,
The ͓A¯BC͔ + interacting system survives for a specific lifetime, leading finally to the formation of product ions. In addition to the formation of BC + ions in different vibronic states ͑Penning ionization͒, further channels can be open, with the production of other ionic species ͑associative ionization, dissociative ionization, etc.͒.
From a theoretical point of view, collisional autoionization phenomena in atom-atom systems are generally treated on the basis of a local complex potential, W͑R͒ = V͑R͒ − ͑i /2͒⌫͑R͒ ͑called also "optical potential"͒, whose real part V͑R͒ represents the interaction controlling the approach of the colliding particles and the imaginary part ⌫͑R͒ ͑"potential width"͒ is related to the decay ͑ionization͒ probability of the system at the intermolecular distance R.
1,2 From a general point of view, the real part of the interaction potential defines, at any intermolecular distance R, the energy of the bound wave function of the system. Instead, the imaginary part, which controls the decay, depends more specifically on the characteristics of the electron wave function directly involved in the charge transfer and ionization.
1,2 In the atommolecule case, both the real and imaginary parts are expected to be anisotropic, because the real part of the potential depends on the angle of approach of the metastable atom towards the target molecule, while the potential width varies with the geometry of the autoionizing collisional complex ͓A¯BC͔ * . This latter point can be easily understood when the commonly accepted electron exchange mechanism, originally proposed by Hotop and Niehaus, 3 is taken into account.
According to this model, autoionization occurs through a transfer of an outer-shell electron of the target BC into the inner-shell vacancy of the excited atom A * , which subsequently ejects an external electron. In an orbital model, such process depends strongly on the overlap between the orbitals involved in the electron transfer. The ionization probability is expected to be maximum at those distances where the relative motion is slowest ͑i.e., at the neighboring of the turning point͒ and for approaches of the metastable atom along the directions where the electron density of the orbital to be ionized is highest.
Theoretical studies on anisotropy effects in Penning ionization are still rather scarce, 4 being the proper characterization of the optical potential for many configurations of the system a difficult problem because of the weakness of the interaction. Only few rigorous atom-molecule treatments are present in the literature, in particular, for the systems He * ͑2 3 S 1 ͒ +H 2 , N 2 , H 2 O. [4] [5] [6] [7] [8] [9] In these cases, ab initio complex potentials have been calculated and the ionization dynamics investigated by using quantum approaches or quasiclassical trajectory methods. In many other cases, semiempirical potentials and estimated energy widths have been used to analyze experimental data. [10] [11] [12] In this work, we study the collisional autoionization dynamics of the N 2 O target molecule with excited He * ͑2 3,1 S 1,0 ͒ and Ne * ͑ 3 P 2,0 ͒ atoms. Our aim is a more quantitative interpretation of experimental results of the preceding paper, 13 also in the attempt to give a better account of how interaction anisotropies play a selective role in the autoionization process. In order to accomplish this task, we use a method based on the identification, modeling, and combination of the leading components of the interaction potential. Our model potential is simple and intended to be of completely general validity. In order to validate some assumptions, we have carried out ab initio calculations to characterize the electronic structure of the systems. These calculations are especially aimed at establishing the extent and the role of the perturbation in the electron density of the excited atom as it approaches the target molecule. A system composed of an atom colliding with a linear triatomic molecule, such as A * -N 2 O system, dynamically evolves on a multidimensional potential energy surface ͑PES͒ depending on several coordinates. Neglecting deviations from linearity of the target molecule, we may write the optical potential as
where R is the distance of the atom from the center of mass of the molecule, r i and r j are the internuclear distances in the molecule, and ⌰ is the polar angle formed between R and the molecular axis ͑0 ഛ⌰ഛ͒. However, since the detailed determination of such multidimensional PES is very complicated, some simplifications are often introduced to reduce the dimensionality of the problem. In our model, we omit the explicit dependence on the internal coordinates r i and r j since small displacements from the equilibrium distance do not affect sensitively the potential. As mentioned above, the present work exploits the complementarity of empirical, semiempirical, and ab initio methods to characterize both the intermolecular interaction and its effect on the dynamics of the collisional events.
The real part of the optical potential has been obtained through a semiempirical method developed in our laboratory which is founded on the identification and description of the leading interaction components. Such a method exploits correlation [14] [15] [16] [17] [18] and perturbative formulas, 19 describing strength and range of such components in terms of fundamental physical properties of the interacting partners. The data of relevance for the present study are summarized in Table I and are mostly derived from Ref. 20 . The peculiarity of this approach is that it makes possible to obtain a simple analytic expression for the PES, retaining at the same time a correct picture of the nature of the interaction. We stress that, in the recent years, it has been also successfully applied to the characterization of intermolecular potential in systems at different complexity degree and where the interaction changes of several orders of magnitude. 15, 21 Mutual perturbation effects on the electronic clouds of the interacting part- ners, with an assessment of their relevance on the intermolecular potential of the present systems, have been checked by ab initio calculations in order to verify the correctness of some assumptions made in the present work. The imaginary part, whose strength defines the lifetime of the collision complex, is expected to depend on ⌰ and exponentially decreases with R : ⌰ and R determine the overlap between the orbitals involved in the electron transfer, at each geometry of the complex, while the lifetime is a measure of the time available for the electron jump. As stressed before it is reasonable to assume that the ionization preferentially occurs at the neighborhood of the turning point: here the ionization probability must depend on R 0 and on ⌰ 0 defining a specific geometry of the collision complex, and on the time spent by the system in the vicinity of this point, where the overlap is maximum and the lifetime of the system is minimum.
For a proper characterization of the imaginary part, in an orbital model, it is necessary to determine the isodensity contours of the various molecular orbitals. Specifically, in the present investigation it has been taken into account that N 2 O molecule can be ionized in several electronic states ͑X 1 2 ⌸, Ã 1 2 ⌺ + , and B 2 2 ⌸, for He * ; X 1 2 ⌸ and Ã 1 2 ⌺ + for Ne * ͒ each one characterized by electron removal from a specific molecular orbital. 22 Isodensity contour maps of the squared molecular orbitals ͓lowest unoccupied molecular orbital ͑LUMO͒, highest occupied molecular orbital ͑HOMO͒, "nitrogen and oxygen lone pairs"͔, obtained with the ab initio calculations illustrated in the previous paper, 13 are reported in Figs. 1-3, because of their relevance also for the present analysis.
In the following sections detailed considerations on the intermolecular interactions and on their functional representations are discussed. In the subsequent section, the role of the potential will be assessed in detail and the dependence of the collision dynamics on the features of the orbitals involved in the electron exchange will be analyzed.
II. INTERACTION POTENTIAL
The detailed characterization of the real part of the interaction potential represents the starting point to understand the dynamical phenomena leading to the ionization. Such a characterization is obtained exploiting a method which assumes the interaction potential as determined by a critical balancing of effective interaction components, some of them dominant at long range and the other prevalent at short range. The approach is then based on the identification of the nature of leading components of the total intermolecular interaction energy, and on their proper representation, parametrization, and combination.
Three components are essentially taken into account: ͑i͒ the dispersion attraction and the size effect repulsion, called van der Waals interaction V vdW ; ͑ii͒ a weak "charge transfer" effect V ct , originated from the partial electron exchange between the outermost occupied orbital of the metastable atom and the LUMO of the N 2 O molecule ͓see Figs. 1͑a͒, 2͑a͒, and 3͑a͔͒; ͑iii͒ the electrostatic and induction components, included in V qm , describing the interaction between the permanent and induced molecular multipoles m and the partial charges q associated to polarization effects on the metastable atom which is a big and "floppy" species with a radius of some angstroms ͑see below͒. These effects, emerging in the intermolecular electric field, originate positive and negative charge centers, respectively, located on the nucleus and in the outside region ͑in the following named atomic hybridization͒, and separated by a distance comparable or larger than the intermolecular distance ͑see below͒. Moreover, such effects are expected to be more relevant as the intermolecular distance decreases and to be emphasized where the electric field is stronger, namely, along the molecular "lone pair" orbital direction. As in previous study 12͑b͒ we have found it
proper to represent V qm , in the neighborhood of the equilibrium distance of the collision complex, by the use of an effective charge q = 0.5 a.u., since the positive charge center is significantly closer to the interacting partner. 19 To characterize in greater detail the atomic hybridization and its dependence on R, ab initio calculations, mainly focused on the behavior of the metastable atom under the perturbation due to the intermolecular electric field, have been carried out as described in Sec. III A. According to these considerations, the semiempirical analytical function that describes the global interaction V͑R , ⌰͒ of a metastable atom approaching the N 2 O molecule ͑omitting the internal coordinate dependence͒ takes the form
where ⌰ is assumed to be zero for the collinear approach of the metastable to the oxygen side of N 2 O. V a ͑R , ⌰͒, V qm ͑R , ⌰͒, and F͑R , ⌰͒ are, respectively, interaction components and a "switching" function discussed below. The V a ͑R , ⌰͒ term of the potential includes the van der Waals and "charge transfer" components:
and V vdW is represented by the following Legendre's polynomial expansion:
which is proper for atom-linear asymmetric molecule. The radial coefficients V i ͑R͒ and the Legendre polynomials modulate the dependence of V vdW on R and ⌰, respectively. The radial coefficient V 0 ͑R͒, the spherical component, is described according to a standard "MSV" ͑Morse-Splinevan der Waals͒ parametrization:
where x = R / R m , and R m correspond, respectively, to the well depth and its position, while ␤ defines the reduced force constant around the potential minimum and whose value, selected equal to 5, is typical of the van der Waals interaction in systems involving floppy atoms. 18 The C 6 coefficient describes the intensity of the average dispersion attraction ͑the permanent dipole moment of N 2 O, as reported in Table I , is so small that the induction contribution to C 6 is negligible͒, and x 1 = 1.15 and x 2 = 1.75 are the points where the Morse function that defines the well properties and the attraction to long distance are linked. The spline coefficients, b 1 , b 2 , b 3 , and b 4 , are directly obtained by the boundary conditions for the examined systems.
The other radial coefficients V 1 ͑R͒ and V 2 ͑R͒ are correcting terms. They depend on the electronic distribution removal degree of the N 2 O molecule from, respectively, the central symmetric and from a spherical symmetric situation. In the present investigation they are described as a combination of an exponential function, defined in terms of A i , ␣ i , m, and n parameters, with C i / R 6 dispersion coefficients, to account for anisotropy effects arising at short and long range distances: 
All the potential parameters have been obtained from the results of empirical correlation formulas, 14, 15 given in terms of atomic and molecular polarizabilities. For the molecular case, the polarizability is given as a combination of bond tensor components: those of N 2 O relate to electronic charge distributions of ellipsoid form, centered at the middle of each bond. Such formulas are useful to predict bond energy, equilibrium distance, and long range attraction for any configuration of the van der Waals interacting systems. The final potential parameters are given in Table II .
The "charge transfer" component V ct ͑R , ⌰͒ crucially depends on the overlap and on the energy of orbitals describing the electron state before and after the jump. Two N 2 O LUMOs are here involved, which consist of degenerate -antibonding orbitals, each one exhibiting a nodal plane along the internuclear axis ͑⌰ =0,͒ and also two nodal surfaces ͓see Figs. 1͑a͒, 2͑a͒, and 3͑a͔͒. For the present systems, V ct ͑R , ⌰͒ is expected to play, in general, only a perturbative role and therefore it has been represented as
where A ct has been chosen equal to 2485 meV and ␥ equal to 1.1 Å −1 . This functional form and related parameters have been obtained following guidelines previously described 12, 16 and considering that in addition to the symmetry of the involved orbitals which exchange the electron, other basic quantities are the ionization potential of the metastable atom and the electron affinity of the N 2 O molecule ͑see Ref. 20 and Table I͒ . However, it can be expected that for /2Ͻ⌰ Ͻ such a component could emphasize its role because the pronounced increase of the overlap, promoting possible harpooning mechanisms within those narrow angular cones.
As mentioned above, the electrostatic contribution V qm ͑R , ⌰͒ describes the interaction between the effective positive charge q, appearing on the polarized metastable atom, and assumed to be equal to 0.5 a.u. ͑see above͒ with the induced multipoles,
, and with permanent multipoles ͑dipole and quadrupole Q͒ of the molecule. Accordingly, it has been semiempirically modeled as
͑8͒
Such a formula assumes the following more explicit relationship when required data, reported in Table I , are inserted:
͑9͒
with the energy in meV and the distance in angstroms. The V 0 q−mi ͑R͒ term, represents the combination of the induction attraction and size repulsion effects associated to the polarized atom. It has been modeled again according to a MorseSpline-van der Waals parametrization ͑see above͒, where the long range van der Waals component has the form −C 4 / ͑x 4 R m 4 ͒. All parameters, given in the last column of Table II , have been obtained following the procedure in Refs. 17 and 18.
Finally, the "switching" function F͑R , ⌰͒, which defines the weight in the Eq. ͑2͒, describes the passage of the metastable atom from the weakly perturbed state, where it is assumed to maintain a spherical symmetry, to the polarized one. F͑R , ⌰͒ modulates therefore the contribution of V a ͑R , ⌰͒ and V qm ͑R , ⌰͒ when R and ⌰ vary, and guarantees the smoothness of the analytical function V͑R , ⌰͒ and of its derivatives. Moreover, it leads, for the same R, at a maxi- where the A parameter defines the distance where the two limit configurations of the metastable atom have the same weight and the B parameter describes how fast the damping occurs. The B parameter has been fixed equal to 0.7 Å for all systems, while the starting value for A, identified as the distance where the overlap begins, has been chosen for each system as sum of size data in Table I Note that the number of involved potential parameters is smaller than that usually required for analytical interpolation of ab initio calculation at limited number of sampling points. Moreover, in contrast to general fitting procedures, most parameters in our model have a well defined physical meaning, which fixes their value for a given system and configuration.
This method, which leads to a global potential V͑R , ⌰͒ with different features when passing from a system to another ͑see below͒, allows us to understand the origin of differences, especially when systems of the same family are considered ͓i.e., He * ͑ 1 S͒, He * ͑ 3 S͒ -M͔, and to rationalize most experimental findings described in Ref. 13 .
In Figs. 4-6 the cuts of the potential energy surface and the equipotential maps for each system are shown. The Ne * -N 2 O and He * ͑2 3 S 1 ͒ -N 2 O systems exhibit potential minima around ⌰ = / 2, due to the reduced van der Waals repulsion and to the perturbation because of the charge transfer, and at ⌰ = 0 ascribed to the electrostatic interaction. In the He * ͑2 1 S 0 ͒ -N 2 O case, the main contribution to the potential arises from the charge-multipole interaction, namely, an increased polarization effect is expected to be operative for the He * ͑2 1 S 0 ͒ because of the closeness of the involved 2s and 2p orbitals. The leading role of the associated electrostatic component leads to most stable configurations around ⌰ = 0 and ⌰ = .
III. CALCULATION RESULTS AND DISCUSSION

A. Ab initio calculations
In order to characterize more in detail the approach of the excited He atom to N 2 O molecule and, specifically, the perturbations affecting the charge density of the colliding species, we carried out ab initio calculations using the GAUSSIAN 03 and MOLPRO program packages. 24, 25 The excited state energy profiles have been obtained through time dependent Hartree-Fock ͑TD-HF͒ and single-double excitation configuration interaction ͑CI͒ calculations.
In order to select the basis set employed for the calculations, we first used as key criterion the ability to reproduce as accurately as possible by ͑full͒ CI the lowest excitation energies of the isolated helium atom. To this end we performed extensive tests and, as it is clearly shown by the results in Table III , we found that a very important element is the inclusion of high order diffuse functions, otherwise the error in the computed excitation energies easily reaches several eV. As can be seen in the table, the basis set d-aug-cc-pV5Z delivers essentially exact excitation energies and was therefore used on He in all subsequent calculations on the N 2 O -He adduct. A reliable description of the long range interaction between excited He and N 2 O also requires the inclusion of high order polarization and diffuse function on N 2 O itself. For convenience, we decided to use the somewhat smaller d-aug-cc-pVTZ on N 2 O and checked the convergence of some results by using the full d-aug-cc-pV5Z, as will be described shortly.
In carrying out the CI calculations on the approach of the excited He ͑both singlet and triplet states͒ to N 2 O, a major difficulty is given by the fact that the relevant energy levels ͑about 20 eV above ground state͒ are a long way up in the spectrum of the adduct, lying above a large number of excited states of the N 2 O moiety. A great simplification would ensue if one could assume that, at least for a correct qualitative description, the He and N 2 O excitations are essentially uncoupled in the distance range relevant for the interaction, i.e., that the essential features of the interaction are only marginally affected by N 2 O ground state correlation. In this way the active electrons for CI could be effectively restricted to the sole He 1s electrons, thereby enormously reducing the size of the configuration space and, more importantly, bringing the relevant excited states near the edge of the energy spectrum.
We carried out TD-HF ͓random-phase approximation ͑RPA͔͒ calculations of the excited state energy curves, a first time using the full electron space of 12 occupied orbitals and a second time in the restricted space including only excitations of the He 1s orbital. In both cases the complete virtual orbital space was included. In these calculations, the N 2 O group was kept at the experimental geometry ͑see Table I͒. As expected, we found that, in the full space, the excitation essentially characterized as He 1s → 2s is a very high-lying root ͑the 190th͒ of the RPA spectrum, while it is the lowest excited state in the restricted space, followed immediately by the 1s → 2p excitation ͑both in the singlet and triplet spectra͒. Down to a distance of 4.5 Å we found that the He and N 2 O excitations couple very weakly and therefore we used the restricted electron space in all subsequent calculations, employing as basis set for the CI the ground state HartreeFock orbitals. The final CI configuration space includes therefore all single and double excitations of the He electrons into the whole virtual space of 277 orbitals. In the final calculations, the energy profiles for the collinear approach of excited He ͑both singlet and triplet states͒ to the oxygen end of N 2 O have been computed by reoptimizing the N 2 O geometry at each fixed He-O distance. The changes in the N 2 O bond distances along the approach path are less than 0.01 Å.
We also performed TD-HF calculations to obtain a reliable preliminary assessment of the effects of a basis set extension on N 2 O from the smaller d-aug-cc-pVTZ to d-augcc-pV5Z. The comparison indicates that such extension affects only marginally the results for the electron excitations localized at the Helium atom, with the He 1s → 2s transition energies computed with the two basis sets differing by only about 1 meV. Finally, it may be of interest to report briefly on the effects of the residual electron correlation beyond RPA on the excitation energies of the isolated He atom. These are summarized in Table IV . We see that, as previously mentioned, the CI error for the four lowest excitations is essentially vanishing, whereas the RPA results still differ by 0.1-0.3 eV from the experiment 26 for the triplet states and by as much as 0.6 eV for the singlet states. Thus, electron correlation is important and should be included in the calculations.
The CI energy curves for the collinear approach of excited He ͑both singlet and triplet states͒ to the oxygen end of N 2 O are displayed in Fig. 7 as a function of the distance between the helium atom and the center of mass of N 2 O. The plots for the singlet and triplet excited states are reported on the same energy scale, in both cases with the origin at infinite separation, which underlines quite clearly a very large difference in the shape of the curves: the interaction between He and N 2 O is much stronger when He * is in its singlet excited state than when it is in the corresponding triplet. Thus, while the triplet state curve displays a shallow well of 2.0 meV at about 6.5 Å separation ͑i.e., when He * is ϳ5.5 Å away from oxygen atom͒, the singlet curve has a much deeper minimum of 39.1 meV at a significantly closer approach distance of about 4.1 Å. In spite of the limited size of the configuration space used, the latter computed results match satisfactorily with figures presented in the preceding section. We are also confident that they represent a lower limit of the true interaction since for the triplet case the depth of the well and its location are, respectively, smaller and larger with respect to values predicted for a pure van der Waals complex ͑see Ref.
14 and Table II͒ . It is interesting to examine in more detail the remarkable differences between the singlet and triplet potentials, by looking at the change in the computed excited state one-electron density around He along the curves. This is visualized as isodensity surfaces plotted at selected distances above the curves in Fig. 7 and illustrates the very different nature of the interaction. In particular, it is seen that the shape of the electron density around He * remains largely unaltered and essentially spherical along the whole triplet curve up to short approach distances, where it begins to overlap with the N 2 O electron clouds. By contrast, the singlet He * density becomes strongly polarized by the interaction with N 2 O in correspondence with the arising of the energy well. Similar effects, although providing smaller modifications of the overall interaction, are expected to occur for an approach of He * to the nitrogen side of N 2 O. This polarization can be related to the mixing of He s and p characters in the singlet excited state of the interacting adduct. As a semiquantitative estimate of this mixing in the singlet case, we consider the oscillator strength, computed within the RPA formalism, related to the excitation between the ground and the excited state of interest of the N 2 O-He * adduct ͑for the triplet case the oscillator strength would be zero regardless of the composition of the excited state͒. Indeed, this parameter is zero when the excited state has only He s components and its deviation from zero quantifies the contribution of higher angular momentum functions ͑e.g., p and higher͒ to the excited state. Our RPA results show that, as expected, for large N 2 O-He * separations ͑Ͼ10 Å͒ the singlet excited state is almost perfectly spherical ͑has only s contributions͒ and the oscillator strength is zero. However, for a separation of about 7 Å this parameter begins to deviate from zero ͑being 0.0003͒ and steadily grows up as the He * and N 2 O moieties approach each other, reaching a value of 0.0106 at a separation of about 3.7 Å, corresponding to the minimum energy geometry of the semiempirical potential of Fig. 6 . This polarization effect is very similar to the one already discussed by Siska and co-workers for He * -rare gas systems. 27 It is interesting to note that in such systems the effect was producing changes in the repulsive potential slope at short distances, while in the present case it leads to an enhancement of the bond energy because of the presence of additional interaction components.
B. The collision dynamics
In this section we investigate same specific features of the systems under analysis to emphasize similarities and to stress differences. In all cases the collision dynamics is sterically driven by the combination of three factors whose selectivity is differently modulated by the collision energy. The three factors are the following:
͑i͒
The "orientational" effect arising from the anisotropy of the intermolecular forces, which tends to carry the atom-molecule system towards the most stable configuration of the collision complex. This effect has the tendency to be emphasized as R decreases, because of the increased interaction, and to vanish when Coriolis couplings start to be effective and, for the present case, this occurs when the collision velocity increases. ͑ii͒
The alignment of the p-core orbital of Ne * , which does not affect the real part of the intermolecular potential, but is important for the imaginary part, because it strongly controls the probability of electron exchange from the valence orbitals of the molecule to the core vacancy of Ne * . It has to be noted that at large R the alignment of the p-core orbital is partially destroyed by the atomic spin-orbit coupling, while it becomes more effective as R decreases because of the stronger intermolecular electric field. Although the increase of the collision energy leads the collision complex to shorter distances, the p-core alignment effect could be reduced by non adiabatic couplings. ͑iii͒ The "overlap" between orbitals which exchange the electron, which increase with the collision energy, because the turning point becomes more and more internal. The potential function that we used emphasizes some of these phenomena. We report in Figs. 1-3 the equipotential lines defining, respectively, the inner zero of V vdW , where attraction and repulsion balance ͑dotted lines͒, the inner zero of total interaction ͑full lines͒, and the potential energy corresponding to the maximum collision energy ͑dashed lines͒.
The two mechanisms are the "exchange" mechanism that consists in the "tunneling" of one of the valence electrons of N 2 O towards the ionic "core" of the metastable atom ͑partially bared by the atomic hybridization͒ to fill the electron vacancy. This process occurs with the simultaneous ejection of the electron located on the excited level of the metastable atom; the "harpooning" mechanism, which becomes particularly important when the target shows high electron affinity. In this case the collision, already at long distances, can be affected by crossings between neutral ͑A * -B͒ and ionic ͑A + -B − ͒ potential surfaces: the external electron of the metastable atom jumps to the target ͑charge transfer͒, with the formation of an ionic collision complex ͓A +¯B− ͔. Inside such a complex, the autoionization occurs with simultaneous removal of two external electrons from the negative species: one goes to fill the inner-shell vacancy in the rare gas, while the other is expelled by the system. The electronic ground ͑X 1 2 ⌸͒ and first excited ͑Ã 1 2 ⌺ + ͒ states of the molecular ion N 2 O + originate from the electron expulsion, respectively, from the "HOMO" degenerate nonbonding molecular orbital with a nodal plane at ⌰ =0, ͓see Figs. 1͑b͒, 2͑b͒, and 3͑b͔͒ , and from the nitrogen lone pair, mainly oriented around ⌰ = and ⌰ =0 ͓see Figs. 1͑c͒, 2͑c͒, and 3͑c͔͒. More details on the mechanisms depend on the specifics features of the collision complex.
The Ne * -N 2 O and He * ͑2 3 S 1 ͒ -N 2 O systems show most stable configurations of potential energy at ⌰ = 0 and ⌰ = /2 ͑see Figs. 4 and 5͒. As stressed above, when the metastable atom approaches the molecule at /2Ͻ⌰Ͻ, the harpooning could be also operative, because of the shape of the molecular LUMO orbital. In such conditions, N 2 O + ions can be formed both in the electronic ground and in the first excited state. However, when the same metastable atom approaches the molecule at ⌰ = 0 and ⌰ = , an hybridization occurs due to the strong electric field, and the Penning ionization preferentially happens by exchange mechanism, which produces N 2 O + ions basically in the first electronic excited state since the presence of the nodal plane on the "HOMO" orbital hinders the formation of product ions in the electronic ground state.
On the other hand, in the He * ͑2 1 S 0 ͒ -N 2 O collision complex, for configurations close to ⌰ =0, the harpooning is further hindered by the strong polarization of the metastable atom, which originates the atomic hybridization. In these conditions only the exchange mechanism for the Penning ionization is operative. Therefore, when the metastable atom approaches the molecule at ⌰ =0,, exclusively N 2 O + ions in the first electronic excited state can be formed, while in the collision events occurring sideways, also ions in the ground electronic state can be produced, favored by the increase of the overlap between orbitals that exchange the electron.
In Figs. 1-3 , the dotted lines, which represent the inner zero of the van der Waals component, occurs at intermolecular distances where the orbitals show a little charge density. Therefore, if the system was extensively affected by the van der Waals component, the Penning ionization would occur with much lower probability, because the repulsion hinders a close approach of the metastable atom to the molecule, necessary for an orbital overlap effective for the electron exchange. This indicates the importance of the additional components V qm ͑R , ⌰͒ and V ct ͑R , ⌰͒ discussed above.
IV. CONCLUSIONS
The experimental study reported in the preceding paper 13 leads to the following statements: 28 ͑iv͒ The total ionization cross section ratio for singlet to triplet metastable helium states decreases when the collision energy increases. ͑v͒ The 3 P 2 / 3 P 0 cross section ratio for v = 0 production in the case of Ne * ͑ 3 P 2,0 ͒ -N 2 O collisions decreases with the collision energy because the electron exchange mechanism is more favorable in the case of 3 P 0 autoionizing collisions. 13 In the present study we have investigated the nature and the role of the interaction components determining the intermolecular potential and how they change with the distance, the mutual orientation of the two partners and with the features of the metastable atom. The study has been carried out by the use of a semiempirical model and some of the starting hypotheses of such a model have been confirmed by ab initio calculations. The final results clearly explain all the experimental findings listed above.
A strong polarization effect has been found in He * ͑2 1 S 0 ͒ when it interacts with the N 2 O molecule oriented at some specific angles, but it is much less evident for the other metastable atoms. This provides an explanation of the more attractive interaction in such a system. 13 Moreover, such a large polarization, making the core of the metastable singlet atom less shielded by the external excited electronic orbital, favors the electron transfer from the molecule, producing a larger cross section for the Penning ionization.
The other experimental features are explained by a competition between the orientational effect, governed by the real part of the optical potential, and the ionization probability, related to the imaginary part. The ionization probability mainly depends on the overlap between the core of the metastable atom and the molecular orbital of N 2 O to be ionized. In the present systems the interaction tends to orient the molecule for such angles where the overlap favors mainly the formation of the excited state of the N 2 O + product ion. This orientational effect is stronger in the system involving singlet metastable helium state than the others, but, in all cases, it plays a minor role as the collision energy increases. 12 Finally, the alignment of the p-core orbital and its dependence on R is crucial for defining the different behavior of the two spinorbit sublevels of Ne * ͑ 3 P J ͒ metastable atoms. All the information provided by this work, particularly those concerning modeling and parametrization of the potential energy surfaces, represent the starting point for possible molecular dynamics calculations, to be carried out at various levels of accuracy. Such calculations should be addressed to both a more quantitative analysis of the experimental findings and to a more complete characterization of the interaction, especially in the imaginary component.
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